Myofascial pain of the temporomandibular region (M-TMD) is a common, but poorly understood chronic disorder. It is unknown whether the condition is a peripheral problem, or a disorder of the central nervous system (CNS). To investigate possible CNS substrates of M-TMD, we compared the brain morphology of 15 women with M-TMD to that of 15 age-and gender-matched healthy controls. High-resolution structural brain and brainstem scans were carried out using magnetic resonance imaging (MRI), and data were analyzed using a voxel-based morphometry approach. The M-TMD group evidenced decreased or increased gray matter volume compared to controls in several areas of the trigeminothalamocortical pathway, including brainstem trigeminal sensory nuclei, the thalamus, and the primary somatosensory cortex. In addition, M-TMD individuals showed increased gray matter volume compared to controls in limbic regions such as the posterior putamen, globus pallidus, and anterior insula. Within the M-TMD group, jaw pain, pain tolerance, and pain duration were differentially associated with brain and brainstem gray matter volume. Self-reported pain severity was associated with increased gray matter in the rostral anterior cingulate cortex and posterior cingulate. Sensitivity to pressure algometry was associated with decreased gray matter in the pons, corresponding to the trigeminal sensory nuclei. Longer pain duration was associated with greater gray matter in the posterior cingulate, hippocampus, midbrain, and cerebellum. The pattern of gray matter abnormality found in M-TMD individuals suggests the involvement of trigeminal and limbic system dysregulation, as well as potential somatotopic reorganization in the putamen, thalamus, and somatosensory cortex. Ó
Introduction
Temporomandibular disorders are a heterogeneous group of clinical problems that involve the masticatory muscles, the temporomandibular joint, and the associated structures. Myofascial pain of the masticatory region (M-TMD) is a common temporomandibular disorder that is characterized by a dull aching pain and hypersensitive regions of taut skeletal muscle fiber. The condition affects approximately 10.5% of American women [19] , and is most commonly seen in women of child-bearing age. Clinical signs and symptoms involve jaw and face pain at rest that is exacerbated by movement or palpation of the area.
While the etiology of M-TMD is not certain [1], there is evidence of central nervous system (CNS) sensitization. Individuals with M-TMD are often found to meet diagnostic criteria for fibromyalgia [25] , a condition that may involve CNS sensitization. There is also evidence for hyperalgesia and temporal summation of heat pain, although it is debatable whether the increased pain sensitivity is specific to the masticatory area [37] or present throughout the body [47] . The latter case would suggest a facilitated processing of pain messages in the central nervous system, perhaps manifested by neural reorganization in the brain, brainstem, and spinal cord. The trigeminal pain system presents many sites for potential neural dysregulation. The classic trigeminothalamocortical pathway carries nociceptive information from trigeminal ganglion in the periphery, through spinal and brainstem nuclei, to the thalamus, and finally to the primary somatosensory cortex [31] . In particular, the trigeminal brainstem sensory nuclear complex is an important site for craniofacial nociceptive transmission [32] and may be a key region of neuroplasticity and central sensitization [45] .
To our knowledge, no previous studies that examine CNS abnormalities in M-TMD patients have been conducted. In this study, we investigated possible CNS substrates of M-TMD by examining gray matter differences in 15 M-TMD individuals and 15 healthy controls. Participants completed a magnetic resonance imaging (MRI) session involving a high-resolution, T1-weighted, structural
